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New Crops for Arid Lands

Recent decades have witnessed an ap-
parent increase in the rate of desertifica-
tion of agricultural land. In the United
States alone there are now over 200.000
million hectares of arid and semiarid
range land. and there are even larger
areas in Africa. Australia. and South
America (/). More than one-third of our
planet’s land is now aric. Water for
liumans and their crops is rapidly becom-
ing a critically short commodity.

C. Wiley Hinman

further diminishing the land's crop-car-
rving potential. Tilling and baring the
thin tepsoils of these delicate ecosvs-
tems has caused widespread crosion. As
a result of these compounded problems,
the deserts advance and farming of cot-
ton and food crops becomes increasingly
expensive, energy-intensive, and unpro-
ductive: indeed, growing conventional
crops in arid regions is proving to be u
self-limiting endeavor

Summary. Five plants are describec that could be grown commercially urder arid
conditions. Cnce the most valuable comconent has been obtained from each plant
(ruboer irom guayule; seed oil from jojoba. buffalo gourd, and bladderpod; and resin
from gumweed), the remaining material holds potential for useful products as well as
fuel. It is difficult to realize the 1ull potentiai of arid land plants, however, because of
the complexities of developing the necessary agricultural and industrial infrastructure
simultaneously. To do so, multicompany efferis or cooperative efforts between

government and the private sector will be required.

The two most imporiant reasons usu-
ally given for desertification are denud-
ing of the land through deforestation in
ancient times and overgrazing in modern
times. but many other factors may con-
tribute. Farmers have tapped many aqui-
fers to sustain their crops. and in some
Cases have depleted these nonrenewnble
underground reservoirs to such an extent
that it is no longer economical to use
them. Heavy irrigation over long periods
has increased soil salinity in many areas,

C. Wiley Hinman 1s an adjunct professor at the
Diversiy of Arizona and 1y president of Hinman
Assuciates, 4535 Eyor Paseo La Casita, Tueson,
Antzona 85719,

B SEPTEMBER 1984

Of the approximately 380,000 plant
species described by botanists,  only
about 3000 have been tried as sources of
food and other useful materials (/). We
cultivate only about 100 plant species on
a large scale, with about 90 percent of
our food coming from a dozen crops. Of
the significant crops grown today, none
is xerophytic. Thus, there is a need to
identify usable xeric plants that can be
made to produce abundantly in arid re-
zions.

As Epstein (2) has explained in detail,
piants in arid and semiarid regions face
severe problems of water economy be-
cause the salinity of the soil causes os-

44, For other invesiieations of absolute rate con-
stants for reactions of other carbenes, see P. B,
Grasse, B. E. Braver. J. 1. Zupancic, K. J,
Kautmann, and G. B. Schuster {J. Am. Chem.
Soc. 103, 6833 (19830 and D. Griller. N. T. H.
Lin,and ). C. Scaino [ibid. 104, 5549 (1982)].

45, Forreviews of the use of carbenes in photoattin-
ity labeling, see Photogenerated Reavents in
Biochemistry and  Molecular Biology, H. P.
Bavlev, Ed. (Eisevier North-Holland,  New
York. 1983).

46. R.A M. thanks the National Science Foundation
and K.B.L. and N.J.T. thank the Natonal Sci-
ence Foundation, the Air Foree Ottice of Scien-
tific Research, and the Joint Services Electronic
Program for support of the research described in
this article.

motic withdrawal of water and because
hot, dry atmospheric conditions cause
excessive loss of water to transpiration.
But Epstein also saw potential in the
desert (2):

Despite these precarious conditions. the arid
and semiarid regions are among the most
promising onzs to turn ¢ in our quest to
increase the production of food, fiber, chemi-
cals, and biomass fc - energy. The relatively
unicached soils of these regions are often
inherently fertile. the growing season is long,
temperature and light intensity are high, and
the atmospheric humidity is low, reducing
disease problems. All these features favor
agricultural productivity if watr and salimity
problems can be solved.

Seme plants have amazini adaptive
powers. One such plant, commonly
found as a highway planting in Califor-
nia, is the shrub oleander. It is found
from desert regions to mountains, and
seems to thrive on neglect. Clones of
oleander flourish at temperatures as high
as 49°C and as low as 15°C, and mature
plants can adjust rapidly and completely
to dramatic temperature changes (3.
The plant has an inherent ability to
change its photosynthetic rate according
1o its environment.

Although few plants can be expected
to be as hardy as oleander. the scarch for
xerophytes of economic value has hardly
started. Of the score or so that have been
identified so fur, I have selected five for
discussion in this article: jojoba, guayu-
ic. buttalo gourd. bladderpod. and gum-
weed. The tive offer a variety of useful
products. and their developrient status
ranges from rescarch curiosity to near-
comniercial.

Jojoba

Jojoba (Simmondsia chinensis) has al-
ready received much publicity. Among
the five plants it has closest to true
commercial status, for a number of com-
mercial jojoba plantations are already in
existence,

Jojoba grows raturally as a shrub in
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the Sonoran Desert of the United States
and Mexicu. Its secds contain about 50
percent oil by weight (4). The oil, ob-
tained by solvent extraction or expres-
sion of the seeds (the expressed oil is
preferred bec . iue it contains fewer im-
purities), is simifar to sperm whale oil. It
is remarkably resistant to bacterial deg-
radation, probably because bacteria can-
not cleave and metabolize the long-chain
esters it contains, mostly hvdrocarbons
containing 38 to 44 carbon atoms. The
esters are usually formed from acids and
alcohols of equal, or nearly equal, num-
bers of carbon atoms.

At present the primary market for jojo-
ba oil is the cosmetics indusiry, where it
is used in lotions, shampoos, and condi-
tioners (3). Jojoba oil and its derivatives
have other potential uses, however, such
as in lubricants, transmission fluids. anti-
foaming agents, und cven as a replace-
ment for vegetable oil in food, for the oil
does not become rancid. The hydroge-
nated oil is a hard. white, covstalline wax
with potential uses in preparing floor and
automobile v uxes, waxing fruit, impreg-
nating paper containers, and making can-
dles that are slow burning and wilt- and
drip-resistant.

Maximum yields of jojoba sced in the
wild or under cultivition are unknown. It
usuallv takes 3 1o 4 years before the
plants bear seeds and 10 yvears to achieve
maximum bearing. Plaats 3 10 3 m wide
and 510 7 m high have been found in the
wild that vield 14 10 18 kg of clean dry
seeds (). Institutional and commercial
studies are being conducted to determine
optimum row spacing snd plant density,
male-to-female ratios, and irrigation and
fertilization requirements.  Studies of
planting and harvesting methods and
pest control are also in progress. Even
though these studies huve been under
wiy for several years, there is no con-
sensus over what constitutes optimum
agronomic practice for jojoba. This has
not deteried the establishment of plinia-
tions. however. Jojoba is grown “‘com-
mercially”” in Australia, Egypt., Ghana.
ran, Israel, Jordan, Mexico. Saudi Ara-
bia, and the United Staies. Most planta-
tions are small, although some. particu-
tarly in the United States, cover 1000 ha
or more. According to the Jojoba Grow-
ers  Association, over 11.000 ha are
planted in jojoba in Arizona and Califor-
nia alone.

The large area recently planted in jojo-
ba may convert jojoba from a cottage
indistry to a more substantive industry.
In ivss the United States produced
about 165 tons of jojoba oil. This exceed-
ed demand at the current asking price.
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Only about 33 of the 165 tons was de-
rived from plantation jojoba, the major
part coming from wild stands in Arizona
and Mexico. These 33 tons were pro-
duced from plants on fewer than 1000 of
the 11,000 ha of jojoba in Arizona and
California, as only these were mature
enough to bear seeds. This year the
TLO00 ka are expected to yield approxi-
mately 222 tons, by 1987 33.000 tons,
and by 1990 over 130,000 tons. That is a
nearly 4000-fold increase in jojoba oil
from plantations in 7 years. And more
Jojoba is being planted every year. New
uses must be found if the oil is to be
consumed.

As noted carlier, the principal user of
Jjojoba oil has been the cosmetics indus-
try. This has been true because of the
oil’s high selling price and limited avajl-
ability. Several vears ago it sold for
about 360 per kilogram, and even last
year it was selling for $30. Todav a
Kilogram can be purchased for $10 or
less. and the cost is projected to decline
to approximately $4 within 3 vears. As
the price declines and the quantity in-
Creases many new opportunities for its
use become attractive. This may stabi-
lize and secure the industry.

Jojoba may become the first Xerophyvt-
ic plant 1o be a significant agricultural
crop supplying multiple industries with
raw ynateriais. This is true despite the
fact that a farge amount of research on
Jojoba has yel to be completed.

Guayule

The second xerophytic plant to be-
come a commercial reality will probably
be guayule (Parthenium argentatumy, a
rubber-producing perennial shrub native
1o the Chihuahuan Desert in southwest-
ern Texas and northern Mexico. Its rub-
ber is virtually identical to that produced
by the rubber tree (/{evea brasilicnsis),
and it was a commercial source of rubber
in the early 1900°s. With the emergence
of cheaper Maluvsian natural rubber,
production ceased in the 1930,

Interest in guavule was renewed dur-
ing World War Il and again in 1975. In
the tatter case the attention resulted from
a search for crops that could be grown
withlittle water and secondarily from the
oil embargo. Studies were initiated by
staie and federal agencies, and in 1978
Congress passed the Native iLatex Com-
mercialization and  Development  Act,
which was 10 support rescarch for 5
years. This year Congress passed the
Critical Agricultural Materials Act. It
provides for a coordinated effort, headed

by the Department of Agriculture, of al]
federal groups involved in guayule re-
search.

In another important aevelopment, the
Gila River Indian Community, located
near Phoenix, Fas awarded a contract to
the Firestone Tire & Rubber Campany
o design and build on tribal lands a
prototype plant for processing guayule
rubber. Firestone expeets to have a pilot
plant running in Akron, Ohio. this year,
Construction of the Gila River prototype
plant will begin in 1986, and the plant is
expected to start up in 1988, For their
part, the Gila Indian Community has
committed itself to planting sufficient
guavule shrub® to produce 1000 tons of
rubber annually and states that the proj-
ect is on schedule.

Guayule can be killed by freezing and
is not salt-tolerant, which limits the areas
in which it can be grown, Usually about
0.6 m1all, it has narrow Jeaves and bears
small flowers on long stems. Rubber is
contained in a single layer of thin-walled
cells in the stems ond in the roots. The
rubber is produced only when the plants
are under stress, although the use of
bioregulating chemicals may alleviate
this problem. Irrigation is initially re-
quired to establish stands and 10 develop
plants, and then soil water levels must be
controlled to limit vegetative erowth to
enhance rubber production. Reliable
data are not available on water require-
ments or the effect of plant stress on
rubber production rates.

Existing strains vield about 1 kg of
rubber and 0.75 kg of resins (terpenes
and triglycerides) per 6 kg of ground-up,
defoliated shrub. The remaining 4.25 kg
of material, for which there is no identi-
fied use other than as fuel, is termed
bagasse. It is estimated that this bagasse
contains 3300 Btu's of heat beyond what
is needed to grow, process, and recover
the | kg of rubber (6).

I is still uncertain whether guayule
can be grown economically in the United
States. To make it a profitable crop, it
will be necessary to (i) improve the
amount of rubber in the plant through
breeding or chemical stimulation: (ii) ex-
tend the range of guavule to cheaper
lands, such as the cold and high deserts,
by developing appropriate cultivirs; (iii)
improve cultural practices to reduce la-
bor costs and improve productivity: and
(iv) perfect the rubber extraction process
and by-product utilization,

Rescarch to date is encouiaaing, but
much more needs to be done. As for
other countries, particular  circun-
stances in cach will dictate when, aud if,
guayule can be successfully developed.
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Buffalo Gourd

Some native arid land plants hold eco-
nomic potential but are still only in the
research stage. Among these. the genus
Cucurbita has a group of closely related
species of particular interest. The best
known is buffalo gourd (Cucurbita foet-
idissima).

The plant, a perennial vine, repro-
duces asexually, grows as a weed in
regions of low rainfall. and produces a
large crop of seeds rich in oil aud pro-
tein. A single root may weigh up to 40 ke
after three or four seasons and is nearly
20 percent starch (7). This starch can be
hydrolyzed chemically or enzymatically
to dexirins, maltose. and glucose suit-
able for use as a sweetener in foods and
beverages. It also has unique rheological
properties and excellent viscosity and
stability for prolonged periods at high
lemperatures, making it attractive as a
food additive. Similar to cassava root
starch, it may have uses in preparing
such foods as puddings.

The vines grow along the ground pro-
digiously, and may. because of 1heir pro-
tein content (usually 10 to 13 percent)
and digestibility (nearly 60 percent),
have forage value (8). Oil, about 3% per-
cent of the seed by weight. can be ex-
tracted with solvents or by mechanical
pressing. It has a high ratio of unsaturat-
ed to saturated fatty acids, making it
attractive for use in human foods. Lin-
oleic acid, an essential fatty acid, com-
prises about 63 percent of the total fatty
acid content of the oil.

The meal remaining after pressing or
extracting the seeds contains nearly
equal amounts of protein and fiber and
may be used in raw form as a componrent
of animal feeds. Studies with rodents
show that the protein quality of seed
meal from the buffalo gourd is similar to
that of soytean and cottonseed meals.

From presenty available varieties it
seems reasonable to expect annual viewds
in excess of 2 ton ha. Data are insuffi-
clent, but root vield mav exceed 8 ton/
ha annually. There is litde if any infor-
mation on folinge vield.

Commercial development of budalo
gourd is impeded by lack of adequate
and consistent support for genetic, agio-
nomic, and process studies. Perhuaps an
cqually important barrier is the need for
asingle company to coordinate efforts to
grow buffalo gourd . a crop and to
Manage development of it multiple
products. It iy encouraging, however,
that multiple-hectare plots have been
Seeded in Australia by a private compa-
Ay and that a US. company has pro-
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cessed 2 tons of buffalo gourd roots for
their starch. The starch was reported to
be of excellent quality (9). Buffalo gourd
is on the threshold of transition from
rescarch to development status.

Bladderpod

Of the five genera represented by the
plants described in this article, the genus
in earliest research status is Lesquerella.
This is an oilseed producer native to
many of the same areas in the United
States and Mexico as buffalo gourd. Un-
like buffalo gourd, however, its oil is not
edible but is a potential source of chemi-
cals, producing hydroxy fauy acids—
chiefly lesquerolic acid—homologous to
the ricinoleic acid (12-hydroxy-9-octa-
decenoic acid) of castor oil.

Castor oil is the main source of hy-
droxy fatty acids and ihe United States
imports approximately 60,000 tons of it
annuually (/0). This oil has many industr-
al applications, as in protective coatings.
plastics, and synthetic intermediates,
and additional hydroxylated acids may
further extend the range of usefulness of
this type of compound. Recent work
indicates that when Lesquerella oir is
polymerized to form polvesters or poly-
urethunes in the presence of polysty-
renc. an interpenetrating polymer net-
work is formed. These are a new class of
tough plastics (/). Domestic production
of castor oil in the United States is small.
for the regions of the country receiving
adequate rainfall to grow the castor-oil
plant (Ricinus communis) can grow more
valuable cash crops such as corn. Fur-
thermore, castor beans and their de-
fatted meal are toxic and cause allergenic
reactions in workers n the field and in
processing,

One member of the genus, Lesquerella
Sfendleri, often called bladderpod. holds
good potential for becoming a4 new crop
to supply hvdroxy fatty acids. Its seeds
contain 20 to 30 percent oil, and the oil
contains 60 percent lesquerolic acid, a
20-carbon monohydroxy monoene ac |
(12). It can be grown with less water and
on poorer soils than castor and does not
have the toxic and allergenic properties
of castor beans.

Bladderpod requires only 3 to 4 cm of
rain, or its equivalent in irrigation, from
September to April, and seems to thrive
on calcareous, sandy, and well-drained
soils {/13). It occurs as a fali-spring an-
nual and has many qualities that make
it suitahle for cultivation, including
drought and cold tolerance. Harvest
takes place usually in May and can be

accomplished by combine. Seed yields
of over | ton/ha have been obtained in
experimental plots (/4). One possible
difficulty in harvesting is a tendency to-
ward hydrostatic dehiscence (rain causes
the immediate opening of dried capsules
and loss of seed). But the polymorphic
nature of bladderpod could supply the
plant breeder with adequate genetic ma-
terial to overcone problems such as de-
hiscence. as well as to greatly increase
yieids.

Gumweed

The last arid land plant to be discussed
has good economic potential, is relative-
ly unknown, and produces chemicals
rather than food. In adaition, the bagasse
derived from it is an excellent source not
only of fuel but of animal feed material
and various chemicals as well. The genus
is Grindelia, comprising several score of
species commonly called gumweed. The
primary cconomic product of this spe-
cies is, as might be deduced from its
common name, a sticky resin similar to
wood rosin.

The discovery of a new source of
wood rosin-like materials (naval stores)
has real economic significance. The
world navai stores market exceeds
700,000 tons per year. Resins are in
demand because of their usefulness in a
variety of industrial applications. They
are used in adhesives, tackifiers. paper
sizings, and many other products, and
their derivatives are widely used in the
production of synthetic polymers,

The three furms of this raw material
are tall otl, gum rosin, and wood rosin;
cach is produced in a different way. Tall
oil, a by-product of paper pulp mills and
the most abundant form, is of such inferi-
or quality that it is often burned on site
as a low-grade fuel. Gum rosin is ob-
tained by slashing and tapping living pine
trees, a labor-intensive and tws expen-
sive operation. Wood rosin, the third
type, is extracted only from southern
pice stumps in th* United States. The
best quality material comes from the
sttmps of pines that are more than 300
yeass old. The U.S. supply of wood rosin
is expected to last no more than 10 to 15
years,

Research on gumweed indicates that
this plant naty not only prove to be an
ieal substitute but may provide com-
pletely new resins. The structural com-
ponents of pumweed resins are more
amenable to chemical modification than
those of wood resins.

Most Grindelia species are found in
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arid cr semiarid habitats, and all appear
to produce resin acids of the grindelic
type. One gumweed, Grindelia cam-
porum, has been singled out for research
and development because (i it has a high
yield of crude resin: (i) it has an upright,
herbaceous growth habit: (i) many ac-
cessions (populations) have an annval
life cycle: (iv) many accessions kave the
ability to sprout from the root crown to
produce two crops in a single growing
season; (v) it has excellent tolerance to
drought, salinitv, and discase; and (vi)
the chances of significant plant improve-
ment thiough selection and breeding ap-
pear excellent.

Formuiations of the resins have been
prepared and tested. Independent evalu-
ations indicate that the resin could be
substituted for wood rosin in many of its
commercial uses, and that it is superior
in some applications because of its great-
er thermal stability.

Preliminary cconomic analyses indi-
caie a very favoruble return on invest-
ment. with resin being the sole product,
the remaining mauterial, bagasse, being
valued only as a fuel. However, this
bagasse is too valuable to be used only as
a fuel. Even its probable animal feed
value exceeds its fuel value. It contains,
in addition to grindelic acid resins and
the usual lignocelulosic materials com
mon to all biomass, an array of natural
products. including terpenoids. steroids,
polyphenois. and alkanes. The terpe-
noids und steroids may be useful in phar-
maceutical and agricultural products in
addition to chemical starting materials
and intermediates. The polyphenols
could be valuable in preparing adhesives
and thermoglastics. The alkanes are
mostly waxes made of predominantly
unbranched linear hvdrocarbons and es-
ters. There is still a good market for
natural plant waxes. The bagasse also
contains high molecular weight, water-
soluble polymers of possible use as en-
hanced oil recovery agents.

Conclusion

The single-piroduct orientation inherit-
ed from present-day agriculture and the
cnemica! industry must change if we are
to make arid land crops an economic
reality. For example, rather than regard-
ing bagasse as a waste material to be
disposcd of, it should be considered a
resource te be coaverted into competi-
tive specialty chemicals. We should be-
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gin to view certain plants as multiple-
product resources: progress is being held
back by the inertiz of traditional think-
ing.

The technical problems inherent in
separaling complex mixteres economi-
cally are being solved. Forexample, Olin
Corporation is marketing starch-based
methyl glucoside polyols for polyure-
thans foam manufacture (/5), Pennwalt
Corporation hopes  soon  to market
starch-calcium-adduct pesticide encap-
sulating  agents.  Second-generation
starch-adduct materials are already be-
ing evaluated (76). A host of chemicals
other than aleohol are being produced
experimentally by fermentation, includ-
ing p-hvdroxybenzoic acid. p-hydroxy-
phenylacetic acid, vanillic acid. levulinic
acid, adipic acid. lactic acid, butanol,
and 2.3-butanediol (2 new monomer in
polyurethane and polyester resins). Im-
perial Chemical Industries is producing
polvhydroxybutyrate, a material similar
to poly sropyviene but with biodegradable
proper.zs. It should be particularly use-
{ul foi sutures, splints, and encapsula-
tion (/7). Imperial also plans to build a
plant to recover chemicals from the cata-
Ivzed acid hydrolvsis of agricultural
wastes (/18). Battelle Columbus has de-
veloped biodegradable  copolymers of
lactic acid with excellent properties that
mimic conventional thermoplastics, and
Goodyear Tire & Rubber Company has
developed a new patented process for
converting terpenes to a-dimethyl sty-
renes and cymenes (/9). In addition to
these developments, progress is being
made in the utilization of the more mun-
dane compons=nts of all biomass.

A number of companies have worked
with ligrin for a long time, but most of
the effort was aimed at disposing Jf it.
More recent investigations have been
dirccted at hov' 1o better utilize it. New
isolation procedures have been devel-
oped that yield much purer and unaltered
lignin. Then, too, hgnins derived from
various plant resources have different
properties and thus provide additional
opportunities.

Strides have been made in recent
years in all aspects of lignocellulose con-
version. Isolation procedures are being
perfected to obtain high vields of pood-
quality nulp and unaltered lignin simulta-
neously.  Saccharification  rechniques,
beth acid and enzymatic, have been
greatly improved. There have been so
many advances in fermenting hexoses
and pentoses to aleohol and other prod-

ucts that it is hard to keep abreast of
them.

In short, encouraging progress is being
made on all fronts of biomass conversion
and utilization. Many wild plant species,
such as the five reviewed, vield an eco-
nomically attractive primary  product,
Best wild-strain plant selection has not
vet been made in most cases, nor are the
optimum agronomic growing conditions
known, Even so, preliminary economic
analyses indicate several to be attrac-
tive.

Perhaps the greatest deterrent to rapid
development of these plants is that the
research snonsor must be concerned
with too many diverse problents: grow-
ing, harvesting, and transporting plant
material and then processing it into mul-
tiple products. These products may o
may not require different marketing or-
ganizetions and strategies. This under-
taking requires a pioneering mind set and
expertise in a spectrum of scientific dis-
ciplines. Conscquently, commercializa-
tion of these plants will most likely occur
through multicompany efforts or cooper-
ative cfforis between government and
the private sector,

Desnite these problems, arid land
plants hold much promise. By develop-
ing this resource our aquifers will be
conserved and the world's oil reserves
extended. Farmers will have new cash
crops without ruining their land and
the companies which have the courage
and foresight to undertake the necessary
rescarch and development effort will
prosper.
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